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Most complex ilinesses
are characterized
by an interaction between
biological vulnerabilities

and environmental factors
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Neurotransmission

Mu Opioid

Experimental evidence (animal models and humans) and
transgenic models implicate them in:

Endogenous opioid analgesia and effects of opiate analgesics
Stress responses and stress-induced analgesia
Regulation of affiliative, social behavior

Regulation of responses to salient and appetitive stimuli, including
food and drugs of abuse

Thought to mediate placebo effects during expectation of
analgesia

Direction of modulation is typically suppressive of the relevant
response (e.g., pain, stress, anxiety, ...)

Typically activated by stimuli that threatens the homeostasis of
the organism (e.g., unpredictable stress, sustained, more

roctral main )



Descending

Distributed in pain
regions but also
‘“affective / motivational
circuits” - neuronal
nuclei involved in the
assessment of stimulus
salience and cognitive-
emotional integration.
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Receptor Quantification with PET
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Endogenous Opioid Regulation of the
Pain-Stress Experience
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Pain-Induced Activation of DA D2/3
Neurotransmission

Saline Control - Pain

Correlations

Overall Response:
Baseline - Pain

* MPQ Sensory, r =
0.67

* VAS Intensity, r = 0./72
* MPQ Sensory, r =
0.76

* VAS Intensity, r = 0./9

(Baseline - Pain) -
(Saline Control - Pain)

* PANAS negative, r = 0.53
* PANAS fear, r = 0.45

< 1 J Scott et al., J Neuroscience, 2006)



Major Depression vs. Control Women
Baseline pu-Opioid Receptor Binding
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Placebo Response and Study Outcomes

Drug A (flex dose) and Paroxetine did not separate Drug A (highest dose) statistically separates from
from placebo at week 8 placebo on the primary endpoint from week 1 onwards
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Why Placebo Responses in Clinical
Trials?

« Spontaneous recovery (Natural History)

* Improvement in function while under observation
(Hawthorne Effect)

 Response biases (wanting to please...)

« Use of subjective end points

* In clinical trials, a higher likelihood of receiving active
treatment (greater levels of positive expectancy), higher
frequency of appointments, greater rapport with clinician,
same clinician, have been associated with lesser separation
between placebo and active arms in randomized, controlled
trials.



More than half of CNS trials do not significantly separate
from placebo: noise or opportunity ?
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Background

It started with pain

In post-surgical patients, or in experimental pain models
(e.g., ischemic pain), expectation of analgesia during
placebo administration was associated with reductions in
pain ratings

This effect was antagonized by naloxone, whether using

open or hidden injections (Levine et al., 1978; Gracely et al., 1983;
Grevert et al., 1983; Levine et al., 1984; Benedetti et al., 1984; Amanzio and
Benedetti 1999)

Using fMRI and phasic pain, placebo (topical cream) was
associated with reductions in the activity of anterior
cingulate, thalamus, insula. Anticipation of placebo
associlated with activation of DLPFC (Wager et al., 2004)

Rostral anterior cingulate activation and its relationship with
placebo effects has now been replicated across a number of
studies using fMRI



Placebo Administration in Parkinson’s Disease
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Placebo-induced changes in RAC binding potential in the striatum of
patients with PD. Within-subject placebo-induced changes in RAC
binding potential tended to be greater in the striatum contralateral to the
more affected body side (20%) than in the ipsilateral striatum (17%).

The placebo group and the open group did not differ in their baseline
placebo-free RAC binding potential values

R. de la Fuente-Fernandez et al., Science 293, 1164 -1166 (2001)



Saline-Control

Pain
Washout 5% Infusion-grade
Saline

Saline-Control
0.9% Infusion-grade
Saline

Randomization

5% Infusion-grade Washout 0.9% Infusion-grade
Saline Saline

Pain ' ( Saline-Control
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Effects of Placebo Administration

Standard Clinical Trial Instructions
“This agent may be either an inert substance or a compound that
enhances the body’s ability to counter pain”

Placebo introduced every 4 min intravenously ( 1 ml, 0.9% saline i.v.).
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(Scott et al.,Arch Gen Psychiatry, 2008)
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Placebo-Induced Activation of Dopamine
D2/D3 Neurotransmission

Correlation Between Dopamine D2/D3 Activation

and VAS Intensity Ratings .
Placebo-induced
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There Is a neurobiology to it: Opposite Responses of Opioid and
Dopamine Circuits Underlie Placebo and Nocebo Effects

Placebo vs.
Nocebo Responders

Responders vs.
Non-Responders

u-OPIOID

Scott et al., Arch Gen Psychiatry, 2008



Intrinsic differences in the response of reward anticipation
circuits in placebo non-responders: PET + fMRI analysis

Placebo Responders Exhibit Greater BOLD Activation
During Anticipation of Monetary Reward
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Placebo Effect: Reward Expectations or Error

Typical RCT
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Pecifa et al., Soc Cog Affect Neurosci, 2013
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Utility of Biomarkers in Clinical Trials

Effects of Verum and Sham Acupuncture in Fibromyalgia
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Predicting Placebo Responses: Trait Effects

e 15 trait variables were selected from various instruments: ER89, NEO-PI,
BIS/BAS, LOT-R, WB, STAI

« 3variables, ER89 (ego resiliency) and NEO-PI Agreeableness and
Neuroticism explained 28% of the variance in placebo analgesia

 Decomposed the NEO facets Agreeableness and Neuroticism into their 12
subscales and data reduced:

4 scales (3 positive predictors, ER89, NEO altruism, NEO
straightforwardness; 1 negative predictors, NEO angry-hostility), explained
25% of the variance in placebo analgesic effects

» These variables were associated with placebo-induced endogenous
opioid system activation and cortisol suppression

(Pecina et al., Neuropsychopharmacology, 2013)
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Genetic Variation
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OPRM1 A118G effect on p-opioid receptor availability at baseline
(AA>G carriers). AA homozygotes, compared to G carriers, showed
greater y-opioid receptor binding in regions that included the anterior
cingulate cortex (subgenual, rostral and dorsal ACC), the ventral striatum

(NAC) and the thalamus (THA) among others.

Pecifia et al., Neuropsychopharmacol (2014)



OPRM1 A118G effect on changes in p-opioid and D,; activation during placebo

AA homozygotes, compared to G carriers, showed greater placebo induced y-opioid (A,
D) and D,3 (B, D) activation systems in the NAc after placebo. AA homozygotes
showed lower scores in the NEO-Depression and NEO-Vulnerability facets of the NEO-

Neuroticism domain (C).
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FAAH C385A polymorphism
(Prol129Thr missense variant)
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Are these mechanisms generalizable?
A study in Major Depression
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Pecifia et al., JAMA Psychiatry (2015)




Baseline p-opioid receptor BP
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Voxel by voxel correlational analysis between A in p-
opioid BPyand A in QIDS-16SR after 1 week of placebo
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Voxel by voxel correlational analysis between A in p-
opioid BP,yand A in QIDS-16SR after 10 weeks of
antidepressant treatment
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Clinical Consequences?
QIDS-16SR score by placebo group (responders versus non
responders) over 10 weeks of antidepressant treatment
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(QIDS-RS 4 = 5) were 15 -
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Conclusions

Both opioid and dopaminergic systems appear involved in the
formation of placebo responses, potentially across pathologies
(e.g., Pain, Parkinson disease, MDD).

Interindividual variation in placebo responses, some of which
can be traced to common genetic polymorphisms and simple
trait measures, is relevant not only for clinical trials, but also
the understanding of mechanisms related to vulnerability and
resiliency to disease, including treatment responses.



Questions?

Does an integrity of stress regulatory mechanisms influence
responses to antidepressant treatments?

What is the interaction between placebo-responsive
mechanisms and antidepressant effects?

Would placebo responses imply a greater response to non-
Interventional approaches (e.g., therapies)?

Would biomarkers linked to, for example, the response of the
endogenous opioid system, allow stratification in clinical trials?



The Team ...

* The studies presented were supported by RO1 AT 001415, R0O1 DA 018974 , RO1 DA 16423, R01 DA
022520, R01 DA 027494, DOD W81XWH-07, R0O1 MH 086858, and the Phil F. Jenkins Foundation




It’s going to work

Laboratory studies have shown Sucrosa (placebo) to be
occasionally effective in the treatment of pain and
discomfort associated with chronic rhinitis, allergies, hives,
sinusitis, arthritis conditions, ankylesing spondylitis,
fibromyalgia, gout, lupus, ostecarthritis, psoriatic arthritis,
reactive arthritis, rheumatoid arthritis, asthma, acute and
chronic pain, low back pain, inflammatory bowel disease
(IED), abdominal pain, ulcerative colitis, constipation,
diarrhea, dyspepsia (indigestion), intestinal gas, heartbumn,
hemorrhoids, irritable bowel syndrome (IBS), lactose
intolerance, constpation, motion sickness, ankle pain,
tendinitis, bursitis, heel spurs knee pain, lower back pain,
muscle cramps, tinnitus, wvertigo, asthma, erectile
dysfunction, migraine headaches, attention deficit disorder
(ADD), bedwetting, lactose intolerance, rheumatoid arthritis,
sleep disturbance, rosacea, scleroderma, shingles, insomnia,
jet lag, narcolepsy, sleep apnea, somnoplasty, urinary
incontinence, urinary tract infections, premenstrual
syndrome, and yeast infections.

Side effects associated with the use of a placebo include
alterstions in heartbeat; increased blood pressure and cold
extremities; muscle weakness, stiffness, and spasm; muscle
and bone pain; nervousness; decreased mental sharpness;
tremor; headache; abnormal sensation; vertigo; sleep
disturbance; mood and perscnality changes; alterations in
speech and movement; memory impairment; confusion and
dream abnormality; stomach upset; diarrhea; dry mouth;
constipation; gas; thirst; acid reflux; difficulty swallowing;
changes in appetite; burping and inability of the tongue to
move; flushing: hot flashes; sweating itching; rash; acne;
skin reaction to sunlight; difficult or rapid breathing;
dryness or discomfort of the throat or nose; nose bleed;
yawning and sinus disorder; cold-like symptoms; cough;
hiccups; visual disturbances; ringing in the ears; ear pain;
eye discomfort; swelling or tearing alterations in hearing
and smelling; visual intolerance to light and bad taste;
allergic reactions including swelling of face, lips, tongue,
and/or throat, which may cause difficulty in breathing
and/or swallowing, wheezing: hives; rash; severe
of the skin; chills; heat sensitivity; swelling: bloating;
hangover effect; fever; fainting dizziness on standing up;
warm/cold sensations; dehydration; and changes in
urination and menstruation.
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